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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

DOMESTIC LICENSING CF PRODUCTION
AND UTILIZATION FACILITIES

1C CFR Part 50

Consideration of Degraded or Melted
Cores in Safety Regulation

UNION OF CONCERNED SCIENTISTS COMMENTS

ON ADVANCE NOTICE CF PROPOSED RULEMAKING:

COMSIDERATION OF DEGRADED OR MELTED CORES
IN SAFETY REGULATION

Introducticn and General Comments

These comments are submitted by the Union of Concerned
Scientists, a non-profit public interest organization ccmposed
of scientists, engineers and cother prcfessionals, supported
by the contributions of over 100,000 public sponsors natioﬁ-
wide. With headquarters in Cambridge, Massachusetts and offices
in Washington, D.C., UCS concentrates its efforts in scientific
anéd technical evaluation and public ~ducation in the areas

of energy policy, nuclear safety and arms control.



UCS has published widely-disseminated technical work in
these areas and has participated in numerous NRC proceedings.

UCS welcomes this proposed rulemcking, albeit belated.
It has been our position for many years -- and one which we
have communicated toc NRC in a variety of forums -- that its
historical exclusion of consideration c¢f major reactor
accidents from both safety and environmental revievs has
no technically justifiable basis.

We will address ocurselves below to the specific guestions
contained in the advance notice of proposed rulemaking. However,
UCS believes that several key issues are either not raised by
those questions or are implicitly assumed to be resolved when
they should be open for consideration and review by the
Commission.

The first oi these is the basie guesticn of whether
the consegquences £ 'om a severe reactor accident are tolerable
at any frequency. These include short and long-term deaths,
cancers and other health effects, property damage, permaneat
quarantining of land, and severe disruption of the U.S.
economy. The ccnsequences of the most serious accident
analyzed in WASH-1490', which is far from a worst-case
scenario, included 13300 fatalities from acute radiation,

45,000 cancer deaths, 285,000 non-fatal illnesses, 5100

Derived from WASH-1400, Tables 5-7 and 5-3, Main Report,
Pp. 84-8S5.
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ganetic defects in the first generation born after the
accident,. $14 billion in property damage, 3200 square
miles requiring decontamination and 290 square miles essen-
tially gquarantined, requiring permanent relocation of all
inhabitants. These figures do not include consideration

of the consequences to the economy of less direct effects
of an accident of this magnitude, including prominently

its impact on electric power systems and on the naticnal
eccnomy in general. If an accident with impacts even a
fraction of this level occurred at a time when the U.S.

was more dependent on nuclear energy than it is today, these
consequences would themselves be staggering.

UCS believes that such consequences are clearly
intolerable. Our positicns in this proceeding flow from
this conclusion. This conclusion also suggests that, at
least for future plants, the Commission should take steps
to ensure that the basic design of reactors incorporates
features which would make a catastrophic accident genuinely
incradible, berring deliberate acts of war or sabotage.

The availability of this option is not reflected in the
nature of the gquestions posed in this notice, which implicitly

assume that current reactor designs form the starting point

* %
This figure assumes continuing appearances of genetic

defects for only 30 years. In fact, such dcfects would
continue to appear for 4 to 5 generations.



of discussion, with add-on design features considered which
are directed toward preventing and mitigating core damage
and core melt accidents.
In contrast, UCS urges the Commission to consider
mandating the fcllowing, at least for future plants:
1. Limitations on permissible power density,

which would restrict the potential for core
damage

2. Limitations rn fission product inventory,
which would res:rict the potential consequences
of core damage or melt

3. Use of cladding material other than zirccnium,
which would limit the potential for hydrogen
generatiocn

4. Increasing the size and strength of contain-
ments

The above actions would reverse current trends of
increasing power density, fuel burnup and reactor size,
all of which have had the effect of continually reducing
the margin betwee- normal plant cperating conditions and
the onset of sericus damage. The changes UCS supports
would greatly enlarge that margin, virtually eliminating
the potential for certain accidents, dramatically increasing
the amount of time that a core could withstand interruptions
.n coclant flow and making it far easier to cool a damaged
core. Such a design would also substantially limit the
consequences of even the mcst severe possible accident.

Although it would involve a trade-off in efficiency, the



theoretical disadvantage of the design would certainly be
offset to scme degree by decreases in down-time attributable
to the size, complexity and sensitivity of current plants.

As these comments suggest, UCS believes that, at
least for future plants, the highest priority should be
given to preventing accidents by decreasing the sensitivity
of the plants to design and operational errors - building
in a margin of safety that would make a catastrophic accident
cleose to genuinely incredible and limiting the amcunt of -
radicactive material in each plant. Obviously, to the
extent that such a design would serve to preclude high-
conseguence accidents, relatively less effort would need
to be devoted to accident mitigation.

For current plant designs, there is less freedom to
increase the margin of safety. The principles of defense
in depth dictate greatly increased attention to both preventicn
and mitigation of core damage and core melt. It should be
ncted that, as currently interpreted by NRC, defense-in-depth
does not provide genuinely independent barriers to the release
of radicactive material. It is frequently claimed that
the fuel cladding, the emer-gency core cooling system and
the containment building constitute independent levels

of defense. However, the proper functioning of ECCS is



assumed as a basis for plant design. Failure of ECCS could
result in failure of both the cladding and the containment.
Thus, they are clearly not independent. In this rulemaking,
the Comr »n should mandate truly independent levels of
defense-in-depth. |
Pinally, UCS urges the Commission to resist permitting
this rulemaking to be driven by the mistakes &f the past.
The issue of backfitting currently operating plants should
be clearly separated from the requirements for new plants
in order to ensure that financial constraints associated

with backfitting do not assume an overriding importance.

Responses tu Specific Questions

The following responses are based on the assumption
implicit in the questions tha: the starting point for analysis
is current plant designs. As discussed above, UCS believes
that the Commission should not so limit itself, but should
require the reversa. of current trends in design which tend
to make plants inherently more dangerous and sensitive.

1. If one assumes that current designs will remain
basically unchanged in the future, the consequences of a
core damage/core melt accident can be extremely severe,

as ncted above. These consequences can be substantially



mitigated in two general ways:
a. The amount of material released can be
reduced by such measures as containment spray,
filtered containment venting, and reduced fuel
burnup levels. |
b. The release can be delayed and perhaps
l>vgely prevented by, for example core catchers
and filtered containment venting.
This is not an exhaustive listing of possible design
changes. If properly designed -- that is, designed so that
the systems are independent and their operatioi. will not itself
cause a hazard to safety -- there is no reason why such systems
should have significant negative safety impact. In any
case, the advantages of properly designed systems would

certainly far outweigh any speculative disadvantages.

2. There can be little serious dispute that NRC should
explicitly consider accidents at least as severe as TMI-2 in
safety reviews. The position currently beinr taken by the
NRC staff in the TMI-1l Restart hearings - that another core
damage accident is incredible - is preposterois. The criteria
for acceptar‘lity should be conformance with the functional

requirements which should result from this rulemaking.

3. Yes, core mel.t as well as core damage accidents

should be specifically :valuated in safety reviews. It should




be emphasized that there is no technically justifiable basis
for refusing to evaluate these accidents; they are far from
incredible.

We also see no reascon why worst case assumptions shr,' 1ld

not be used.

4. The gquestion appears to be inguiring about the
pecssibility of using a variety of mitigative measures based
on a sort of "sliding scale" of prcbabil .ty of accicent
severity. In our view, it is a premature and probably ill-
conceived inquiry. The uncertainties associated with
estimating accident probabilities are so great as to make
the effort useless for this purpose. In any case, until the
record is fully developed on the systems that are available
to prevent and mitigate major accidents and the benefits

asscciated with those systems, the guestich cannot be addressed.

S. Unless engineered safety features are independent and
diverse in both function and equipment, the analyses of
accidents beyond the current design basis must assume that
they fail. For example, if all ECCS trains use the same
equipment and function in the same manncr,vaccs failure
must be assumed.

Currently, safety systems are designed so as to permit

the operator cu terminate their cperation before their safety



funciicn has been accomplished. For example, as during the
TMI-2 accident, the cperator can throttle ECCS before the
core is cocled. UCS believes that premature cperator inter-
ference with safety systems sho ..Jd be precluded by plant design.
This is a position which we have defended in the ongoing
T™I-]1 Restart hearingm. Unless and until NRC adcpts this
appreoach, it should analyze the consequences of operater
error by assuming that, if the cperator decides upon a
course of action such as terminating ECCS or overriding
containment isolation, every action which can be taken to
achieve that result will be taken. In other words, the
basic error in judgment - the decision to terminate ECCS -
should be viewed as one error, regardless of the number

of steps required +o achieve the erronecus objective.

With respect to a limitation on multiple failure
assumptions, it is UCS's view that until adverse systems
interactions can be eliminated through plant-specific systems
interaction analyses, use of the single failure criterion
is unjustifiable.

6. Filtered containment venting should be required.
UCS is unable to evaluate questicns of specific functional
requirements at this preliminary stage of the proceeding.

With regard to the guestion posed concerning "potential




increase in risk...from incidents such as inadverten” operation...
we £find it difficult to hypothesize the scenario that would
result in a greater risk from the filtered venting system

than from no system.

7. Under current conditions, NRC should requi.ie
systems which are capable of con:irolling 100% of the amocunt
5>t hydrogen that can be generated in a damaged core. It is
our view that, in the longer term, serious investigation
should be given to using cladding material other than zirconium.
Insufficient informaticn is available at this stage to enable
us to determine the relative advantages and disadvantages
of hydrogen suppressicn versus controlled burning. Finally,
in evaluating containment streagth, credit should be given
only for the Jesign pressure capability. not some thecretically
calculated "potential® capability, v-'ess licensees are

willing to ¢o periodic tests at the higher level.

9. Core catchers have the potential to provide significant
benefits in accident mitigation and we believe that they
should be required at a minimum for sites with relatively
high surroundin; population densities. Both forced and natural
cooling should be provided. The choice between a permanent
core retention system or a delaying system could depend on

site-specific factors such as the feasibility of evacuation
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and the proximity cf the plant to rivers and aquifers. Given

current designs, containment type is not a significant factor.

10. These systems should be required to function at
higher radiation levels and be qualified to function for a
generally more severe environment than the current envircnmental
qualification envelope. 1In addition, it is UCS's pesition that
a method of long-term forced cooling cf the core should be
provided which is capable of cperating at the full temperature
and pressure rating of the primary system. Residual heat
removal systems can be modified to achieve this objective.

ith respec: to containment drainage, it is cur view
that the containment should be designed and the equigaent
within it arranged so that it can withstand flooding at least

tc the top of the reactor vessel.

11. Improvement in cperator training and procedures
cannot be viewed as an alternative to design improvements,
even for design basis accidents. For events beyond the
current design basis and therefore, by definition, unanticipated
by the plant designers and be; -1d the design capability of
the safety systems, reliance on operator training is patently

absurd.

12. An jadependent decay heat removal system capable

cf cperating at full primary system temperature and pressure
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should be required. An example can be found in West German
designs, which provide a third completely independent,
bunkered ccoling system, with its own power supply and

auxilia: r systems.

13. UCS dces not favor use of the makeup system to
serve a dual functicn. As a general proposition, systems
used in normal plant operation should not be used to perform
safety functions. Such designs create potential adverse
systems interactions; the failure of the duval-purpose
system can '..an cause an accident and degrade the plant's
abilitv to ~~pe with the same accident. In addition, they
remove a level of defense-in-depth because they are not
indepeident and create design conflicts which are not

satisfactorily resolvable.

14, Systems for preventing and mitigating core damage
and core melt accidents should be judged by crite.-ia as
stringe.t as those applied to engineered safety features
on a censervative analytical basis. Although the probability
of these accidents may be lower than those currently within
the design basis, their consequences are far greater.
Therefore, UCS sees no justification for relaxation of such

criteria as redundancy, diversity, testability, etc.



15. UCS believes that guantitative probabilistic risk
analysis cannot be relied upen in determining the design
criteria and reliability requirements for the features
under consideration. The well-established inability of
such analyses to account for coummen mode failure or to predict
all possible accident sequences results in margins of
uncertainty so great as to mnake them essentiall- useless for
determining accident probabilities.

Qualitative risk assessment may be * useful tool in
comparing the relative benefits of design changes, although
its value is limited because of the inability tc assess
zhe importance of these unforseen factors such as common=

moce failures and cperator errors.

16. In weighing the costs against the benefits of new
systems, both the direct and indirect costs of the most
severe accident must be explicitly ccnsidered. As discussed
above, these include both health effects and the economic
impact of the accident, including its broader implications
for the nat.onal economy. It is only appropriate to compare
nuclear risks to the risks of cther methcds of generating
electzicity, not to such campletely unrelated and extrinsic
risks as those associated with autcmobile accidents.

In addition, it should be determined at the cutset that

certain risks are unacceptable per se. For example, there
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are nu benefits asscc.ated with nuclear power that can
balance the real risk of 250,000 cancer des :hs and the
perx~nent loss of 290 square miles. Any cost to prevent

or mitigate comseguences of that level is justified, including
the cost of disapproving operation of a facility posing

such a risk.

18. There is an cbvicus interrelationship between
emergency planning and plant design. It is UCS's position,
xpressed in the emergency planning rulemaking, that the
current rule is based on an essentially arbitrary and
unsupportable use of far less than worst-case accident
assumptions. A major reactor accident could cause death
and illness well beyond the 1(0-mile emergency planning limit.
If plants were designad to prevent such conseguences by
reducing power density and limiting fission product iaventory,
for example, emergency planning zones could be adjusted to

reflect a real reducticn in risk.



